Abstract: Phyllanthus fraternus is an important medicinal plant, popularly known for its hepatoprotective and antiviral activities since ancient times. Various physiological factors like carbon sources, concentration of agar, pH of the media and effect of season of explants collection were optimized for high frequency regeneration of P. fraternus. The frequency of regeneration, average number and length of shoots were highly influenced by the type and concentration of carbon sources (monosaccharides and disaccharides, 1 to 4%), agar concentration (0.2 to 1%) and pH (4.5 to 6.8) of the media. Media containing 3% sucrose, 0.6% agar at pH 5.8 was best for regeneration. Seasonal variation of explants collection significantly affected the axillary shoots proliferation from explants and best proliferation was observed from explants collected during April to June. Genetic fidelity of regenerated plants was assessed by random amplified polymorphic DNA markers. No polymorphism was detected in micropropagated plants and the mother plant, revealing the genetic homogeneity of the in vitro raised plantlets. This is the first report regarding establishment of genetic fidelity of micropropagated P. fraternus plants, which could be successfully applied for the mass multiplication, germplasm conservation and further genetic transformation assays to meet the ever increasing demand of this medicinally potent plant for industrial and pharmaceutical uses.
Introduction
Phyllanthus fraternus is an important medicinal plant and belongs to family Euphorbiaceae. It has been used in traditional system of medicines for over 2,000 years (Naik & Juvekar 2003) . It is widely distributed in tropical and subtropical countries of the world e.g., Cuba, the Caribbean, Central and South America, China, Brazil, Nigeria, East and West Africa, Pakistan, India, West Indies and many other countries (Abedin et al. 2001) . Worldwide application of P. fraternus is due to its hepatoprotective and anti-hepatic viral activity (Calixto et al. 1998) . Phytochemical analysis of herb revealed the presence of alkaloids, tannins, saponins, flavonoids, glycosides, resins, phenols, carbohydrates and important lignin phyllanthin and hypophyllanthin (Garg et al. 2010) . It possesses diuretic, antidiabaetic, hypotensive, hypoglycemic, antihyperlipemic, antihepatotoxic and antioxidant activities (Kushwah et al. 2010 ; Upadhyay et al. 2013a) . Overexploitation and population pressure have resulted in large scale destruction of this plant from natural habitat. Moreover, availability of the plant is subjected to seasonal variation leading to uncertainty in stable supply throughout the year to the pharmaceutical companies. Therefore, there is an urgent need to develop quick regeneration protocol to provide plant material for phytochemical and pharmacological analysis by various pharmaceutical companies.
In vitro growth of plants is largely determined by several factors like season of explants collection, growth regulator and composition of the culture medium like sugar, agar, macro and micronutrients as well as by pH of the medium. Efficient, repeatable and rapid in vitro regeneration system is prerequisite for using recent advances in biotechnology to improve the plant species. In vitro culture techniques offer a viable tool for the mass multiplication of genetically identical plant ma-1686 R. Upadhyay et al. terial and the germplasm conservation of rare endangered plants (Singh & Tiwari 2010) . However, the influence of culture conditions like culture media, type of explant, successive transfer of culture, temperature, pH, carbon sources and growth regulators etc. may lead to genomic changes in the in vitro raised plantlets (Jain 2001 ) Thus, analysis of the genetic homogeneity of tissue culture raised plants is a prerequisite for their exploitation on a commercial scale . DNA-based molecular markers are useful tools for analysis of the genetic fidelity of micropropagated plantlets (Phulwaria et al. 2012; Yadav et al. 2013) . Limited number of shoots (3.0) regeneration have been reported earlier from seedling derived explants e.g., node (Rajasubramaniam & Pardha Saradhi 1994) and hypocotyl calli (Rajasubramaniam & Pardha Saradhi 1997) of P. fraternus. Seedling derived explants are usually not considered for clonal propagation, because plantlets derived from seeds show variability due to heterozygous nature of the seeds. Efficient shoot regeneration from field derived nodal segments of P. fraternus was achieved on MS media containing 2.22 µM BAP (Upadhyay et al. 2013b) . In previous reports an important aspects of in vitro regeneration like genetic fidelity analysis are missing. In order to enhance the regeneration potential of explants various factors like carbon sources, agar concentration as well as pH of the media and season of explant collection were optimized. Moreover, genetic fidelity of tissue culture raised plants was also assessed through RAPD.
The present investigation was undertaken with the objective to develop an efficient high frequency micropropagation protocol for mass production, to facilitate supply of quality planting materials and to conserve the existing germplasm of P. fraternus.
Material and methods
Plant material and surface sterilization Plants of P. fraternus were obtained from the campus of Banaras Hindu University, Varanasi. Shoots bearing 4-5 nodes were cut off from the plants growing in the field, defoliated and washed under running tap water for 30 min. Further shoots were soaked in 1% cetrimide solution with vigorous stirring for 10 min. The shoots were surface sterilized with 0.1% (w/v) aqueous mercuric chloride solution (HgCl2) for 10 min and finally rinsed five times with autoclaved sterilized double distilled water in laminar flow.
Culture media and culture conditions
The nodal segments were cultured on MS medium (Murashige & Skoog 1962) supplemented with 2.22 µM BAP. Routinely, 25 mL of molten media was dispensed into culture tubes (25 × 150mm), plugged with non-absorbent cotton wrapped in one layer of cheesecloth and sterilized at 121 
Effect of season of explants collection on shoot regeneration
In order to evaluate the explants collection period which is best for high frequency shoot proliferation, explants were collected in every month from January, 2011 to December, 2011 and cultured on MS medium containing 2.22 µM BAP and 3% sucrose. Medium was solidified with 0.8% agar.
Effect of different concentrations and types of carbohydrate on shoot bud multiplication Nodal segments of P. fraternus were cultured on best shoot induction medium (MS + 2.22 µM BAP) supplemented with six types of carbohydrate (glucose, fructose, galactose, sucrose, maltose and lactose) at different concentrations (1%, 2%, 3%, or 4%) to see its effect on shoot development and multiplication after four week of culture initiation. Media were supplemented with 0.8% agar and pH was adjusted to 5.8 before autoclaving.
Effect of agar concentrations and pH on shoot proliferation
To evaluate the response of different concentrations of agar and pH on shoot proliferation from field derived mature nodal segments of P. fraternus, explants were cultured on best multiplication medium (MS + 2.22 µM BAP) which was solidified with different concentrations (0.2, 0.4, 0.6, 0.8 and 1%) of agar and different pH (4.5, 5.3, 5.8, 6 .3 and 6.8) of the medium was adjusted before autoclaving.
Molecular screening and genetic fidelity analysis
Molecular screening of the micropropagated plants was performed by RAPD technique. Genomic DNA from the mother plant and eight randomly selected acclimatized plants were subjected to RAPD analysis. Young leaves were used for extracting DNA by CTAB (cetyltrimethyl ammonium bromide) with some modifications in protocol (Doyle & Doyle 1990 ). The quantity and quality of the isolated DNA were determined using Dyna Quant 200 Fluorimeter, 0.8% agarose gel stained with ethidium bromide. The RAPD analysis was performed with 20 random primers supplied by Operon Technologies Inc. California USA. Amplification was performed using 25 µL PCR mixture consisting of 2.5 µL 10X buffer (GeNei TM , Bangalore, India), 1.0 µL dNTP (10 µM: 2.5 µM each of the dNTPs viz. dCTP, dATP, dGTP, and dTTP) (GeNei TM ), 0.2 µL Taq polymerase (GeNei TM ), 1.0 µL DNA (approximate 25 ng/µL), 1.0 µL primer (5 pM), and 19.2 µL MiliQ water. Amplifications were carried out in i-cycler TM Thermal Cycler (Model der ultra-violet light using gel documentation system (Syngene Gel Doc, Syngene, Synoptics Ltd., UK). To assess the consistency of band profiles PCR amplification was carried out three times. The sizes of the amplicons were estimated by comparison with a 1Kb DNA ladder (MBI Fermentas, GmbH, Opelstrasse 9, Germany).
Statistical analysis
Experiments were set up in a completely randomized block design and each experiment usually had three replicates. The number of culture tubes containing single explant per replicate was twenty, the analysis of variance (ANOVA) was carried out to detect the significance of differences among the treatment means. Means were compared using critical difference at 5% level of significance (Panse & Sukhatme 1998) .
Results
Effect of season of collection of explants on shoot proliferation Nodal segments of P. fraternus, excised during different periods of a year responded differentially under in vitro culture condition (Fig. 1) . Explants taken during July to September showed least response while explants collected during April to June was most responsive in terms of responding frequency of explants cultured, number of shoots per node induced and the length of the shoots. Maximum contamination of cultures was observed during month of July-September and it may be correlated with conditions of high humidity, low temperatures, and high rainfall. However, minimum contamination of cultures with maximum frequency of regeneration and the maximum number of shoots were observed during month of April-June, when conditions of high temperature and low humidity prevailed.
Effect of carbon sources on shoot proliferation
To test the effectiveness of various carbon sources on shoot regeneration from nodal explants of P. fraternus, nodal segments were cultured on MS media containing 2.22 µM BAP and different concentration (1-4%) of monosaccharides (glucose, fructose and galactose) and disaccharides (sucrose, maltose and lactose). Results revealed that frequency of responding explants cultured on media containing monosaccharide are in this order:
The optimum concentration of all three monosaccharide varies. Glucose at 3% (Figs 2A, 3A ) and galactose at 4% (Figs 2B, 3B) and fructose at 2% (Figs 2C, 3C) gave best response in terms of number of shoot regeneration and shoot length. In case of glucose and fructose after optimum concentration response of axillary shoots proliferation gradually decreased, but in case of galactose response was gradually increased from 1 to 4% concentration. At 1% galactose node is not responsive at all and it remains dormant. Among disaccharides sucrose ( Figs 2D, 3D ) and lactose (Figs 2E, 3E) supplemented media the response was gradually increased with increasing concentration and after optimum concentration (3%) response was decreased. Effect of maltose is entirely different with sucrose and lactose. In case of maltose responding frequency of nodal explants decreases with increasing concentration. Thus, 1% maltose gave the highest frequency (80%) of regeneration ( Figs 2F, 3F ). The responding frequency of explants on sucrose at 3% is 100%, while lactose (3%) and maltose (1%) gave 82% and 80% regeneration frequency respectively. The number of shoots regeneration per explants and shoot length was maximum on sucrose and minimum in maltose containing media. If we compare the response of all the tested monosaccharide with disaccharides for number of shoot regeneration per explants, then it was comparable except for sucrose. Similarly, the average lengths of shoots were also comparable on both monosaccharide and disaccharide containing media except sucrose containing media. Response of sucrose was entirely different. Among all the carbon sources tested, media containing sucrose gave the best response. Media containing 3% sucrose showed highest frequency of regeneration (100%) with maximum number of shoots (19.75 ± 0.18) per explants and maximum average shoot length (4.4 ± 0.37cm).
Effect of different agar concentration on shoot proliferation Nodal segments were cultured on best shoot induction medium (MS + 2.22 µM BAP + 3% sucrose at pH-5.8) which was solidified by adding different concentration of agar (0.2%, 0.4%, 0.6%, 0.8%, and 1%) (Fig. 4) . Analysis of variance revealed significant effect of agar concentration (P < 0.05) on cultures showing axillary shoot proliferation and number of shoots/node. The frequency of responding explants increased markedly with increase in the concentration of agar and was maximum at 0.6%. A comparison of means for responding frequency, number of shoots/node and shoots length by DMRT revealed that the maximum frequency (99%), optimum number (19.16 ± 0.44) of shoots and shoot length (4.83 ± 0.19 cm) was obtained on MS medium solidified with 0.6% agar. In most of the reports (Singh & Tiwari 2012; Wang et al. 2013 ) media supplemented with 0.8% agar was found suitable for inducing large number of axillary shoots. In my earlier report (Upadhyay et al. 2013b) , 0.8% agar was supplemented in media for high frequency shoots regeneration. Although, response was almost comparable at both 0.6% and 0.8% agar, but it was found that media get harden and cracked at 0.8% agar and its higher concentration was not suitable for the growth of plant.
Effect of different pH on shoot proliferation
In the present study nodal segments of P. fraternus were cultured on best shoot induction media (MS + 2.22 µM BAP + 3% sucrose) having different pH (4.5, 5.3, 5.8, 6.3, 6.8) (Fig. 5) . Results revealed that by increasing pH of the medium the responding frequency of explants and number of shoot regeneration increased. After optimum pH (5.8), the response was gradually decreased. Medium having pH 5.8 was found most suitable for P. fraternus for highest frequency (99% ) of shoot regeneration, number of shoots per explants (18 ± 0.19) and an average shoot length (4.85 ± 0.19cm). The second higher regeneration frequency (60%) was obtained at pH 5.3 with 13.33 ± 0.88 shoots per explant. The pH at 6.3 and 6.8 has resulted in 52% and 43% regeneration frequency respectively. The regeneration was lowest (32%) at pH 4.3.
Molecular screening and genetic stability
Out of the twenty primers screened, twelve produced clear and reproducible bands ( Table 1) . The number of bands for each primer varied from 2 to 9 and ranged in size from 230 bp to 2200 bp. All primers produced a total of 65 bands with an average of 5.41 bands per primer and total polymorphic band was only 7.69%. The RAPD amplification patterns obtained with primers OPC-07 (Fig. 6A ) and OPE-02 (Fig. 6B) clearly suggest that the micropropagated plants were genetically identical to the mother plant and no variation was induced during in vitro propagation.
Discussion
Nodal segments are preferred explants for micropropa- gation due to presence of preexisting meristems, which can be developed easily into shoots while maintaining clonal fidelity (Frabetti et al. 2009 ). Season of explants collection markedly influences the establishment, growth and regeneration characteristics of in vitro cul- tures. Establishment of axenic cultures is prerequisite for inducing in vitro shoot or somatic embryo regeneration. To get contamination free cultures in P. fraternus depend on the season of explant collection. Effect of season on shoot bud proliferation has also been reported previously in other species like Emelia ribes (Dhavala & Rathore 2010) . Although sucrose is by far the most utilized carbon source for plant tissue culture, while other carbon sources such as glucose, fructose, galactose, maltose and lactose have also been used effectively for shoot regeneration (Sridhar & Naidu 2011) . Baskaran & Jayabalan (2005) reported that sucrose proved to be better than fructose or glucose for shoot regeneration of Eclipta alba. Sucrose was proved to be better than other carbon sources in many other species like Pinus pinea L. (Sul & Korban 2004 ). Earlier reports demonstrate variable effects of carbon sources for in vitro organogenesis. The differential morphogenic response of plants to various sugars could be probably due to their differential role in vascular differentiation compared to sucrose, differences in the endogenous content of reducing sugar in cultured tissue (Romano et al. 1995) , differential sensitivity of the tissues to the breakdown products such as furfural and hydroxyl-furfural, formed during autoclaving (Hsiao & Bornman 1989) .
Gelling agents have been shown to influence growth in vitro, depending on the type (Chevreau et al. 1997) , manufacturer and concentration (Debergh 1983) . Agar is still one of the most used gelling agents to solidify media for plant tissue cultures, because it has several advantages (George & Sherrington 1984) . The properties of agar like stability, clarity, non-toxic nature and resistance to metabolism during culture decide the choice of gelling agent (Henderson & Kinnersley 1988) . In spite of wide application, the most important limitation of agar is its standard (Debergh 1983) and cost. As a consequence, the quality (brand) and the quantity of agar used to solidify the culture medium can affect the growth and the development of the tissues (Ladyman & Girard 1992) . In present communication, we have tested the effect of different concentrations of agar on axillary shoot proliferation from mature nodal segments of P. fraternus.
The pH of the culture medium is an important factor for proliferating shoots and secondary metabolite production under in vitro condition (Murthy & Praveen 2013) . It has been reported that the pH of the medium has a regulatory effect on nutrient uptake by the explant tissue (Hussey 1986 ). In the absence of pH regulation, the ionization of acidic and basic groups causes considerable changes in structure that affect their function at cellular level (Sakano 1990 ). Every species require optimum pH which promote maximum shoot formation. Molecular markers, mainly RAPD, have been widely used for testing the genetic fidelity among in vitro regenerated plantlets in a number of plant species (Savita et al. 2012; Phulwaria et al. 2012) owing to their simplicity, cost-effectiveness and lower DNA requirement for analysis.
In conclusion, this study reports optimization of several factors (season of collection of explants, sugar type and concentration, pH of media and agar concentrations) for high frequency shoots regeneration from field derived mature nodal explants of P. fraternus cultured on MS medium supplemented with 2.22 µM BAP. The sucrose concentration of 3% was most effective than any other carbon sources. Shoot regeneration was comparable on 0.6 % and 0.8% Agar. The best morphogenic response was recorded at pH 5.8. No variations were found among regenerated plants and mother plant as assessed by RAPD analysis, so it can be concluded that regenerated plants were true to type plants. Using this protocol, it is possible to produce viable, genetically uniform and healthy plants with the maximum survival rate that can be used for commercial cultivation, which is important for extraction of bioactive compounds of interest from this species. Furthermore, the protocol may facilitate conservation of this medicinal plant from extinction in the natural population
